P-glycoprotein (Pgp), the ABCB1 gene product, acts as an efflux pump that transports a large variety of substrates and is a mechanism of cell protection against xenobiotics. An increasing number of studies have shown that some ABCB1 polymorphisms may affect Pgp expression and activity, as well as affecting the development and susceptibility to diseases and pharmacological response. High activity of Pgp has been detected in systemic lupus erythematosus (SLE) patients. The C1236T, G2677T/A, and C3435T are the most commonly studied single nucleotide polymorphisms in the ABCB1 gene. Therefore, their frequencies were determined in Brazilian individuals with European ancestry (N = 143) and in SLE patients (N = 137). Genotyping was performed by PCR-RFLP analysis using specific primers followed by incubation with the appropriate restriction enzymes. The resulting DNA fragments were visualized on agarose or polyacrylamide gels. No statistically significant differences were observed in allelic and genotypic frequencies between SLE and healthy subjects (Fisher exact test). Nevertheless, the 2677A allelic frequency was lower in SLE patients with malar rash (0.007) compared with patients without this feature (0.04; P = 0.0054), while the frequency of this variant was higher in SLE patients with pleuritis (0.07) compared with patients without this feature (0.01; P = 0.0156). We suggest that although the ABCB1 polymorphisms do not directly interfere in SLE susceptibility, their evaluation, especially the 2677A allele, in other immunological processes may be interesting since they can interfere in clinical features of this disease.
Introduction
The ABCB1 (also called MDR1) gene product P-glycoprotein (Pgp) is an ATP-dependent drug efflux pump. Although its physiological role is not completely understood, this molecule is important for the protection of the cell against xenobiotics, and its expression is detected in several tissues (1) .
ABCB1 is a highly polymorphic gene and, to date, 28 single nucleotide polymorphisms (SNPs) have been described at 27 positions (2) . Three SNPs (synonymous C1236T and C3435T, and nonsynonymous G2677T/A) have been studied particularly in healthy populations as well as in different clinical conditions. It has been suggested that the ABCB1 mRNA stability is decreased for the 3435T allele, which leads to low steady-state ABCB1 mRNA levels (3) . Nevertheless, other studies report conflicting results. It has been reported that high ABCB1 mRNA levels are associated with 3435T allele (4), while others (5) failed to show any correlation between C3435T alleles and ABCB1 mRNA expression levels. The same conflicting situation is observed with respect to Pgp activity T.P. Gonzalez et al.
www.bjournal.com.br and expression. The effects of the G2677T/A SNP in ABCB1 mRNA and Pgp expression levels are also the subject of controversy. While some studies reported higher expression levels in 2677TT/A subjects (6), others showed no differences between genotypes (5). The frequencies of ABCB1 allelic variants differ among different ethnic groups and linkage disequilibrium is reported between the alleles at positions 1236, 2677, and 3435 (6) .
High Pgp activity has been detected in some autoimmune diseases, such as systemic lupus erythematosus (SLE) (7, 8) , and therapy for SLE includes the use of corticosteroids and immunosuppressants (9) that are substrates of Pgp. Therefore, in order to evaluate a possible role of the ABCB1 gene as well as of its polymorphisms in SLE, we analyzed the allelic and genotypic frequencies of C1236T, G2677T/A and C3435T polymorphisms in healthy and SLE Brazilian subjects. We also analyzed clinical features present in the SLE patients.
Material and Methods
One hundred and thirty-seven patients (16 men and 121 women; 102 of European ancestry and 35 of African ancestry) aged 1-63 years at diagnosis (mean age ± SD = 29.9 ± 14.17) with SLE and 143 healthy subjects (blood donors) of European ancestry (102 men and 41 women) aged 27-59 years (44.7 ± 6.86) were studied. Patients were diagnosed according to the criteria of the American College of Rheumatology and were recruited in the Rheumatology Division, Hospital de Clínicas de Porto Alegre (HCPA), in Porto Alegre, RS, the southernmost State of Brazil. This study was approved by the HCPA Ethics Committee and written informed consent was obtained from all subjects. The most common clinical manifestations in this sample were malar rash (present in 50.4% of the patients), photosensitivity (62.0%), arthritis (78.8%) and hematological and immunological abnormalities (68.6 and 59.9%, respectively).
Genomic DNA was extracted from venous blood using a salting-out method and was screened for the SNPs using PCR-RFLP analysis. Genotyping was performed by PCR-RFLP using specific primers followed by incubation with the appropriate restriction enzymes as previously described for C1236T and G2677T/A (10) and C3435T (11) polymorphisms. The resulting DNA fragments were visualized on agarose or polyacrylamide gels.
Genotypic distribution and allelic frequencies were estimated by gene counting. Deviation from Hardy-Weinberg equilibrium was determined by the chi-square test and linkage disequilibrium and haplotype frequencies were estimated by use of the Arlequin software (version 2.000). The determination of statistically significant differences in genotypic and allelic frequencies between groups was assessed by the chi-square test or, when appropriate, by the Fisher exact test using WINPEPI (12) . A significance level of 0.05 was used and statistical power was calculated for P values <0.05 (13) .
Results
The frequencies of ABCB1 C1236T, G2677T/A, and C3435T polymorphic alleles and genotypic distribution frequencies in patients and control group are shown in Table 1 . The genotypic frequencies for all three polymorphisms in both groups were consistent with Hardy-Weinberg equilibrium (P > 0.5). No statistically significant differ- ences were observed in allelic distribution between men and women in either groups (data not shown); therefore, all analyses were performed without separation of gender. No statistically significant differences were observed in genotypic or allelic frequencies between patients and controls. Allelic frequencies for C3435T were significantly different between patients with African and European ancestry (P = 0.0430, statistical power = 0.6486) but no statistically significant differences were observed in allelic distribution when only patients with European ancestry were compared to the control group (data not shown). Haplotypic frequencies were estimated by a maximumlikelihood method for both patients and control group, and for all subgroups of patients. The most frequently observed haplotypes were 1236C/2677G/3435C and 1236T/2677T/ 3435T, accounting, respectively, for 44.9 and 28.2% of all haplotypes in SLE and for 44.8 and 27.0% in the control group.
Discussion
In this study, we presented data relative to the frequencies of the three more commonly studied ABCB1 SNPs in a sample of healthy and SLE Brazilian individuals. No differences were observed for allelic frequencies among Brazilians with European ancestry and published data from Italian (14) , Spanish (15), or German (5) individuals. However, C3435T allelic frequency in our European ancestry individuals differed from that observed in Portugal (16) (P = 0.013, statistical power = 0.7318; data not shown).
Patients of African ancestry included in our study presented the 3435C allele at a higher frequency (0.67) than patients of European ancestry (0.51; P = 0.043; Fisher exact test). Higher frequencies of the 3435C allele are a constant feature in populations from Africa or with African ancestry (16) .
The genotypic, allelic and haplotypic distributions in SLE patients did not differ from those observed in healthy subjects in the present study. The polymorphism C3435T has been analyzed in rheumatoid arthritis in Polish individuals (17) and no differences were observed in genotypic or allelic frequencies compared to healthy subjects. These data suggest that these ABCB1 polymorphisms are not risk factors for the development of these diseases, although more research is necessary to clearly establish whether this is also true for other autoimmune diseases.
It has been suggested that Pgp may be involved in immunological processes. For instance, cytokines may be transported by Pgp, particularly IL-2, IL-4 and INF-γ (18), and pro-inflammatory cytokines seem to increase ABCB1 mRNA expression.
In our patients, we compared allelic and genotypic frequencies of the different polymorphic sites with clinical features and manifestations. We observed that the 2677A allelic frequency was decreased in patients with malar rash and was increased in patients presenting pleuritis (Table  2 ). These observations are intriguing since malar rash presents features of an allergic immune response although pleuritis involves an inflammatory process. In addition, Pgp activity has been reported to be increased in lymphocytes from SLE patients (7) and also in other autoimmune disorders such as rheumatoid arthritis (19) and thrombocytopenic purpura (20) . In all cases, patients with active disease or patients who were refractory to treatment presented the highest levels of Pgp activity.
Thus, although the ABCB1 polymorphisms are not associated with SLE, the evaluation of ABCB1 polymorphisms, especially the 2677A allele, in other immunological processes may be relevant since our data suggest that they can affect clinical features of this disease.
